LiF is an alkali halide that is commonly used in radiation dosimetry utilizing its well known thermoluminescence property. Pure LiF has very limited use in radiation dosimetry since the density and types of the internal traps are limited. For that reason, LiF usually are doped with different elements such as Mg and Ti in (TLD-100) to enhance its TL properties and to be suitable for dosimetry applications. In this work we used ball milling as an alternative to dopants (impurities) to induce structure defects (e.g. dislocation) that will play the major role in TL process instead to dopants. A pristine LiF was milled for 1 hour and compressed in form of chips then annealed for 1 h at 600 o C to get rid of low temperature dislocations. The annealed samples showed linear response in the range 50-300 Gy. Fading investigation showed that the overall integral TL intensity almost stabilizes after 12 day from first irradiation. The study indicates that ball milling is new promising technique to produce TL dosimeters free of dopants.
Introduction
Thermoluminescence is the emission of light from an insulator or semiconductor when it is heated. The crystalline forms of some inorganic phosphors store some of the energy imparted to them from ionizing radiation and release that energy as light when the temperature of the crystal is raised. TL phenomenon of Thermoluminescence is a complex process and many kinetic models have been proposed in literature discussing various TL mechanisms (Chen &McKeever 1997; Kirsh, 1992) . A simplified explanation could be introduced on basis of the one trap one recombination centre (OTOR) model shown in figure (1). In OTOR, the TL material has two kinds of metastable states in the wide forbidden gap between the valence and * Corresponding Author: hanyamer11@gmail.com the conduction bands. These metastable states are introduced either by adding some chemical impurities or by introducing structural defects in the lattice. One of such states exists near the conduction band and acts as a trap for electrons while the other exists near the valence band and acts as a trap for holes. When the TL material is excited by radiation, pairs of electron / hole are generated and are ultimately captured in their respective traps ( figure (1) left).
Figure (1) OTOR model
When the TL material is heated up to appropriate temperatures, the electrons are thermally released to the conduction band and such electrons have two possible pathways. The first one is to recombine directly with the trapped holes yielding emitted light (figure (1) middle); for that reason the metastable state that captures the holes is called recombination centre (RC) and the metastable state that captures electrons is called a trap (T). The other pathway for the released electrons is to be retrapped again by the electron traps (figure (1) right) before they thermally released again to recombine with respective holes at RC; the process in this case could be simply defined as indirect recombination. The energy required to release the electron from its trap to the conduction band called activation energy. The relationship between the temperature and the intensity of the released light is known as "glow curve" and could be composed of a single or multiple superimposed TL glow peaks and each glow peak corresponds to specific trap i.e. specific activation energy, more details will be presented in next section.
In early 1950s, the TL phosphors used in present day dosimetery were discovered. These included LiF by (Daniels; 1965) which the most commonly used TL materials. LiF-based thermoluminscent (TL) materials are widely used as a personal dosimetric material because of their low energy dependence, high sensitivity, stability and tissue equivalency. The use of pure LiF is limited in dosimetry field so the scientists go to adding some impurity to the pure LiF crystal to use it as a dosimeter. The Thermoluminscent dosimetry (TLD) material based on LiF that has been studied most extensively is LiF:Mg, Ti which is widely used in personal dosimetry and available in the market under trade names TLD-100 (Vij; 1993 There are many methods to create structural defects in materials; however ball milling is a very powerful technique that can introduce structural defects in materials. Plastic deformation (i.e. dislocations) is the most common and probable defect type for ball milling as a result of the energetic impacts between powder, vial and balls. In the present work, we prepared LiF
(LiF was selected to perform this analysis because of its well-known TL properties as well as
its quite simple crystal structure) crystal using ball-milling way to introduce dislocation instead of dopant. (1999) and then the parameter B, dislocation density  and the average cut-off radius R eff (R eff is the effective cutoff radius of the dislocation) were left as free refinable parameters in the strain model. Beside the crystal size and the lattice strain models, a Chebychev polynomial function with refined coefficients was used to fit the background of the diffraction patterns.
Materials and Methods

Sample Preparation
XRPD analysis
For pulverized LiF, the one-phase WPPM model was sufficient and stable to fit the collected diffraction patterns, which relates to the samples" homogeneity. Starting from the pristine LiF powder, large crystallite sizes of about 500 nm coupled with an absence of dislocations were observed. After 1h of milling, a strong decrease in the crystal size down to 36 (8) nm was observed, and the dislocation density was found to be about 4.4 (2) ×10 15 m -2 .
According to WPPM theory ( 
Results and Discussion
GAMMA-DOSE RESPONSE MEASUREMENT
The usual method for studying the response of TL as a function of irradiation dose is to irradiate the TL materials at constant dose rate, constant temperature, and then to read out the TL materials (Rasheedy and Amry, 1994).
Figure (3)
Thermoluminescence intensity as a function of -absorbed dose ( 60 Co-source) for LiF, vertical bars represented the standard deviation at each dose.
In the present work, the irradiation is carried at room temperature. The chips were irradiated at 50, 100, 150, 200, 250, 300 Gy. The TL response of each chip was measured at 5K/sec heating rate to reveal the glow peaks of the glow curve as it will be shown soon. 7-9 disks were used for each dose for the purpose of reliable statistics. The response of LiF caused by the irradiation is taking to be the integral over the whole glow curve. Figure (3) represents the integrated TL intensity as a function of irradiation dose. As depicted, the prepared TL samples have linear TL response as the irradiation dose increases up to 300 Gy. 
HEATING RATES
Several disks have been measured at different heating rates, namely 2, 5, 7, 10, 13, 15, 17, 20, 22, .The results show that there is an increase in the TL intensity as the heating rate increases as shown in figure (5). Again 7-9 chips were measured for each heating rate and then the standard deviation were calculated and represented by vertical bars in figure (5). It has been found that the relation between heating rates and TL response is linear.
Figure (5) Integral TL intensity as a function of heating rate
FADING
In most TL materials the TL signal decreases as a function of storage time due to the thermal escape of trapped charge carriers and this characteristic is, therefore, usually referred to as "thermally induced fading" or simply "fading". In this study, prepared LiF discs was irradiated, at a time, with -rays from a Cs 137 source. For the anomalous-fading studies -dose of 50 Gy were examined.
TL fading was performed as follows: annealed chips were exposed to -doses (50Gy) and stored in the dark at room temperature. Successive measurements of the TL intensity of the chips were monitored over a period of 2 weeks. From this figure it is apparent that the TL intensity decreased by time and has the same peak position; also we note that the shoulder glow peak at 360 K disappeared after 6 hour, the glow peak at 400 K decreases with time, the glow peak at 452 K increases with time and the glow peak at 485K almost constant.
Conclusion
A 500 nm LiF from Sigma-Aldrich has been ball milled for 1h and the characterized using synchrotron XRD. The diffractogram has been analyzed by using PM2K code and the analysis shows that the crystal size reduced to 37 (8) 5, 7, 10, 13, 15, 17, 20, 22, 25 o K/sec. It has been found that the relation between heating rates and TL response is linear. At high heating rate, there is a lack between the real temperature of planchet and the temperature of the sample. This in turn leads to appearance of the glow peak at higher temperature than it should be. Worthy to mention that by using high heating rate the glow peaks are overlapped.
For that reasons, the slowest heating rate is utilized for investigating the samples rather than the higher heating rates although higher heating rates give higher TL intensity. The optimum glow curve intensity is observed at a heating rate of 5K/sec.
The dose-response is linear between 50Gy and 300 Gy. The amplitudes of the aforementioned 4 prominent peaks increase as the dose increase; this may be explained by the expected change in defect concentration of LiF induced through irradiation.
For the fading studies, one -dose of 50Gy was examined. Successive measurements of the TL intensity from discs were monitored over a period of 12 days, which stored in the dark at room temperature. This study showed that the lower temperature peaks at 360K are faded almost completely within 6 hours, the glow peak at 400 K decreases with time, the glow peak at 452 K increases with time and the glow peak at 485K almost constant. This suggests that some of the photons emitted during fading from 2 nd glow peak are re-traped by traps responsible for the 3 rd peak. The overall integral TL intensity almost stabilizes after 12 day from first irradiation showing about 33% decrease without any further change in glow curve shape.
The results achieved in this study show that the micro structure changes induced by ball milling play important role in enhancing the TL response of LiF. Our results agreed with previous study (El Ashmawy et al.; 2016) in which the authors studied the effect of dislocations induced in LiF at different intervals of ball milling and they found that the TL response is significantly enhanced as the ball milling time increased up to certain limit (20 h) then the TL response decreased after this limit. They found that the dislocations play the major rule in affecting the TL response. Such study in parallel to our results presented in this paper open up new horizons in producing newly developed TL material without adding any kind of dopants. Although the prepared samples are not optimum from the point of view of TL dosimetry, however, the study confirms the proof of principle of using ball milling as an alternative for dopants to enhance the TL properties not only in LiF but also in other TL materials. So, efficient and easily prepared free of dopants TL dosimeter could be developed in near future.
